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Cell membranes are crucial to the life of the cell 


o Cells of all kinds share certain structural features. The plasma membrane defines the periphery 


of the cell, separating its contents from the surroundings. 


o Itis composed of lipid and protein molecules that form a thin, tough, pliable, hydrophobic 


barrier around the cell. 
o Proteins that span the lipid bilayer are called Integral or intrinsic proteins. 


o Phosphoglycerides, Sphingolipids, and Sterols are the major lipids in cell membranes. 
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RSR Localization and proteomic characterization of cholesterol- 
rich membrane microdomains in the inner ear 


* Thomas PV! et al, J Proteomics. 2014 May 30:103:178-93. 


° Biological membranes organize and compartmentalize cell signaling into discrete 
microdomains, a process that often involves stable, cholesterol-rich platforms that facilitate 
protein-protein interactions. Polarized cells with distinct apical and basolateral cell processes 
rely on such compartmentalization to maintain proper function. 


° Inthe cochlea, a variety of highly polarized sensory and non-sensory cells are responsible for 
the early stages of sound processing in the ear, yet little is known about the mechanisms that 
traffic and organize signaling complexes within these cells. We sought to determine the 
prevalence, localization, and protein composition of cholesterol-rich lipid microdomains in 
the cochlea. 


° Lipid raft components, including the scaffolding protein caveolin and the ganglioside 
GM1, were found in sensory, neural, and glial cells. Among the DRM constituents were 
several proteins involved in human forms of deafness including those involved in ion 
homeostasis, such as the potassium channel KCNQ1, the co-transporter SLC12A2, and 


gap junction proteins GJA1 and GJB6. The presence of caveolin in.fhe cochlea and the 


Proteins of Cell Membrane 


<——— Peripheral protein ———" Integral proteins 
Extracellular space . - —— ——— Some proteins are linked to 
i membrane phospholipids via 
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Cell to Cell Communication 45 ail dial sill 


Plasma membrane receptor 


e Cells communicate by releasing 
extracellular sisnaling 
molecules: 


e Hormones 
e Neurotransmitters 


Plasma membrane 


° that bind to receptor proteins 
located in the: 


e Plasma membrane 


e Cytoplasm 
e Nucleus 
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e Plasma membrane A | 
+ Ion channel-linked receptors 
+ G protein-coupled receptors | 
+ Catalytic receptors | 
+ Receptor guanylyl cyclases 
+ Receptor threonine/serine kinases 
+ Receptor tyrosine kinases, 
+ Tyrosine kinase-associated receptors, 
° Transmembrane receptors | 
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Contact Dependent 


° Such contact-dependent 
signaling is especially 
important during development 


and in immune responses. signaling cell target cell 


e Contact-dependent signaling 
during development can 
sometimes operate over 
relatively large distances, 
where the communicating cells 

membrane- 
extend long processes to make ; 
contact with one another. bound signal 
molecule 


Endocrine Signaling 


+ Endocrine cells, secrete 
their signal molecules, 
called hormones, into the endocrine cell receptor 
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©) hormone < 
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Paracrine Signaling 


° In most cases, signaling cells 
secrete signal molecules into 
the extracellular fluid. 


e The secreted molecules may be 
carried far afield to act on 
distant target cells, or they may 


mediator 


Autocrine Signaling 


° The signaling and target cells in 
paracrine signaling are of different 
cell types, but cells may also 
produce signals that they 
themselves respond to: this is 
referred to as autocrine 
signaling. 


+ Cancer cells, for example, often 
use this strategy to stimulate their 
own survival and proliferation. 


Synaptic Signaling 


e Synaptic signaling is performed 
by neurons that transmit signals 
electrically along their axons and 
release neurotransmitters at 
synapses, which are often 
located far away from the 
neuronal cell body. 
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Gap Junctions Allow Neighboring Cells to Share Signaling 
Information 
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e When fluorescent molecules of 
various sizes are injected into 
one of two cells coupled by gap 
junctions, molecules with a mass 
O0 
can pass into the other cell, but 
larger molecules cannot. 


ATP diffusion through gap junctions 
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of deafness-associated Cx26 mutations 


+ Wild-type connexins oligomerize in the 6 
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+ Hemuchannels traffic to plasma 
membrane through the secretory 
pathway by a cytoskeletal-dependent 
mechamsm. 

+  Epithehal and supporting cells in the 
cochlea express both Cx26 and Cx30. 
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Maintenance of the K+ sradient between endolymph and 
perilymph is essential for normal hearing and depends 
primarily on the activity of the stria vascularis. 


Abundant Na-K-ATPase in marginal strial cells 
provides a pumping mechanism for preserving the 


K+ level of the endolymph and consequently, the 
endocochlear potential 


José Ramôn Garcia Berrocal, et al. 
Acta Otorrinolaningol Esp. 2008:59(10):494-9. 
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Koeppen & Stanton: Berne and Levy Physiology, 6th Edition. 
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved 
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Figure 7.18 Different types of synapses. Depicted here 
are (a) axoxlendritic, (b) axowxomic, (6) dendrakendritic, and 


(d} axosomatic synapses. 
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 _ Spine 


° Spines are membranous protrusions from the 
neuronal surface. 


e They consist of a head (volume - 0.001-I u3) 
connected to the neuron by a thin (diameter <0.1 
um) spine neck. 


e They may arise from the soma, dendrites, or even 
the axon hillock, and they are found in various 
neuronal populations 1n all vertebrates and some 
invertebrates. 


° Human brain thus contains >10% spines. 
e Spines are highly specialized compartments for 
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Distinguishing Properties of Electrical and Chemical Synapses 


Distance Cytoplasmic 
between continuity 
pre- and between pre- 
Type of postsynaptic cell and postsynaptic  Ultrastructural Agent of Synaptic Direction of 
synapse membranes cells components transmission delay transmission 
Electrical 4nm Yes Gap-junction lon current Virtually 
channels absent bidirectiona] 
Chemical 20-40 nm No Presynaptic Chemical Significant: Unidirectional 
vesicles and transmitter at least 0.3 ms, 
active zones; usually 
postsynaptic 1-5 ms 


receptors or longer 
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P2R expression in hair cells 


e _P2YR are associated with release of Ca2+ 
from intracellular stores [endoplasmic 
reticulum (ER) or Hensen’s body|, whereas 
P2XR are localized on the stereocilia of the 
hair cells, in proximity of the MET 
channels, as well as in the apical cell 
surface. 


°  Extracellular signaling by nucleotides has 
long been associated with sensory systems, 
where ATP acts as a co-transmitter and/or 
neuromodulator. 


Stimulus 


° In both endolymphatic and perilymphatic 
compartments, basal level of extracellular 
ATP is maintained in the low nanomolar 
range by the action of ectonucleotidases. 


Outer hair cell Supporting cell 


(A) Cx26 homomeric GJCh are 
permeable to ions, like K, and bigger 


Pathogenic mechanism 
of deafness-associated Cx26 mutations 


Wild-type connexins oligomerize in the 
ER/Golsgi. 

Hemichannels traffic to plasma 
membrane through the secretory 
pathway by a cytoskeletal-dependent 
mechanism. 

Epithelial and supporting cells in the 
cochlea express both Cx26 and Cx30. 
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negative of co-expressed wild-type 
connexins. Mutant Cx26 can oligomerize 
with wild-type connexins, producing 
nonfunctional heteromeric channels. 


Heterotypic combination between mutant 
Cx26 hemichannel and wild-type 
hemichannels can also lead to nonfunctional 
channels; 


7. Aberrant functionality of free 
hemichannels in the plasma membrane, 
allowing an increase in plasma-membrane 
permeability that may lead to cell death due 
to either loss of important intracellular 
metabolites (L1ke ATP or NAD), or increase 
intracellular calcrum concentration. 
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Synaptic transmission at chemical synapses involves several steps. 


Action potential in Ca** entry causes 
närve térrrunal vésiclé fusion and 
opens CaŸ*channels transmitter release 


Presynapiic 
action poteniial 


mi 


| 
SLR —— - Threshold 
=70 


.", .. Jransmitter 

Excitatory = , 
postsynaptic ; 
potential | 
mi 
656 | —— —-Zz—- Threshold 

| Î nn 
—+0 + 


Receptor-channrels open, 
HNa* enters thé postsynaptié 
cell and vesicles recyclé 


Presymaptic 
nerve 
terminal 


Temporal Summation ils ji &esill ; Spatial Summation Kall gasill 
Anonll éLLhall (à 


ne 
EPSP summation. (a) À presynaplic action potential tiggers a 


thelot CPP. Vihen the same prenant fer res action 
potentials in quick succession, he Individual EPSFSs sum. 


21 


Spillover Phenomena 


° It was thought that transmitter released at a synapse affected only a 
specific postsynaptic cell. 


+ Spillover of a transmitter produces significant cross-talk to non- 
postsynaptic cells. 
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Terminal button 
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Generation of a perforated synapse 
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The point at which two neurons communicate is 
known as a 
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Figure 7.18 Different types of synapses. Depicted here 
are (a) axoxlendritic, (b) axowxomic, (6) dendrakendritic, and 


(d} axosomatic synapses. 
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 _ Spine 


° Spines are membranous protrusions from the 
neuronal surface. 


e They consist of a head (volume - 0.001-I u3) 
connected to the neuron by a thin (diameter <0.1 
um) spine neck. 


e They may arise from the soma, dendrites, or even 
the axon hillock, and they are found in various 
neuronal populations 1n all vertebrates and some 
invertebrates. 


° Human brain thus contains >10% spines. 
e Spines are highly specialized compartments for 
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Distinguishing Properties of Electrical and Chemical Synapses 


Distance Cytoplasmic 
between continuity 
pre- and between pre- 
Type of postsynaptic cell and postsynaptic  Ultrastructural Agent of Synaptic Direction of 
synapse membranes cells components transmission delay transmission 
Electrical 4nm Yes Gap-junction lon current Virtually 
channels absent bidirectiona] 
Chemical 20-40 nm No Presynaptic Chemical Significant: Unidirectional 
vesicles and transmitter at least 0.3 ms, 
active zones; usually 
postsynaptic 1-5 ms 


receptors or longer 
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P2R expression in hair cells 


e _P2YR are associated with release of Ca2+ 
from intracellular stores [endoplasmic 
reticulum (ER) or Hensen’s body|, whereas 
P2XR are localized on the stereocilia of the 
hair cells, in proximity of the MET 
channels, as well as in the apical cell 
surface. 


°  Extracellular signaling by nucleotides has 
long been associated with sensory systems, 
where ATP acts as a co-transmitter and/or 
neuromodulator. 


Stimulus 


° In both endolymphatic and perilymphatic 
compartments, basal level of extracellular 
ATP is maintained in the low nanomolar 
range by the action of ectonucleotidases. 
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(A) Cx26 homomeric GJCh are 
permeable to ions, like K, and bigger 


Pathogenic mechanism 
of deafness-associated Cx26 mutations 


Wild-type connexins oligomerize in the 
ER/Golsgi. 

Hemichannels traffic to plasma 
membrane through the secretory 
pathway by a cytoskeletal-dependent 
mechanism. 

Epithelial and supporting cells in the 
cochlea express both Cx26 and Cx30. 
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negative of co-expressed wild-type 
connexins. Mutant Cx26 can oligomerize 
with wild-type connexins, producing 
nonfunctional heteromeric channels. 


Heterotypic combination between mutant 
Cx26 hemichannel and wild-type 
hemichannels can also lead to nonfunctional 
channels; 


7. Aberrant functionality of free 
hemichannels in the plasma membrane, 
allowing an increase in plasma-membrane 
permeability that may lead to cell death due 
to either loss of important intracellular 
metabolites (L1ke ATP or NAD), or increase 
intracellular calcrum concentration. 
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Synaptic transmission at chemical synapses involves several steps. 


Action potential in Ca** entry causes 
närve térrrunal vésiclé fusion and 
opens CaŸ*channels transmitter release 
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thelot CPP. Vihen the same prenant fer res action 
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Spillover Phenomena 


° It was thought that transmitter released at a synapse affected only a 
specific postsynaptic cell. 


+ Spillover of a transmitter produces significant cross-talk to non- 
postsynaptic cells. 
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Transfer functions: ear canal 
and concha to ear-drum (dB) 
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FIGURE 29 The efficiency of the cat's middle ear, showing 

the fraction of sound power entering the middle ear that is 

delivered to the cochlea (after Rosowski, 1991, with permission 6 
from the American Institute of Physics). 
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FIGURE 2.11 Vibration amplitude of the round window (circles 
and solid lines) and the incus (triangles and dashed lines) of the ear 
of a cat, for constant sound pressure at the tyÿmpanic membrane, The 
vibration amplitude was measured using a capacitive probe (from 
Moller, 1983; based on Maller, 1963, with permission from the 
American Institute of Physics). 
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FIGURE 2.18 Comparison of the acoustic impedance at the tym- 
panic membrane with the inverse velocity of the malleus for con- 
stant sound pressure at the tympanic membrane in a cat. The 
impedance is given in decibels relative to 100 cgs units and the 
inverse vibration velocity is given in arbitrary decibel values. 
Circles = accoustic impedance at the tympanic membrane; 
triangles = sound pressure at the tympanic membrane divided 
by the veloicty of the malleus (reprinted from Maller, 1963, with 
permission from the American Institute of Physics). 
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Figure 5-4. The frequency to distance relationship from fhe stapes to a place 
along the human basilar membrane. 
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FIGURE 34 Amplitude of vibration of a single point on the basi- 
lar membrane in an anesthetized guinea pig in response to pure 
tones of 4 different intensities, at 20 dB intervals, as a function of 
the frequency. The curves were shifted 50 that they would have 
coincided if the cochlea had been à lines system (adapted from 
Johnstone et al., 1986). 
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Figure 5-5. (a) The increase in the number of hair cells stimulated as the basi- 
lar membrane deflection increases with higher intensities. (b) Basilar membrane 
displacement associated with intensity increments. Note the amplitude com- 
pression, lack of sharpness, and greater displacement at the higher intensities. 
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FIGURE 3.5 The amplitude of the displacement of the basilar 
membrane in a monkey obtained in a similar way as the results 
shown in Fig. 3.4. The top curve shows the results when the monkey 
was alive (anesthetized), and the two other curves show results 
obtained 1 h after the death of the monkev and 7 h after the death 
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FIGURE 34 Amplitude of vibration of a single point on the basi- 
lar membrane in an anesthetized guinea pig in response to pure 
tones of 4 different intensities, at 20 dB intervals, as a function of 
the frequency. The curves were shifted 50 that they would have 
coincided if the cochlea had been à lines system (adapted from 
Johnstone et al., 1986). 
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Figure 5-5. (a) The increase in the number of hair cells stimulated as the basi- 
lar membrane deflection increases with higher intensities. (b) Basilar membrane 
displacement associated with intensity increments. Note the amplitude com- 
pression, lack of sharpness, and greater displacement at the higher intensities. 


Non-Linearity 


= 


30 


En) 
2 
© 0 
D 
= 
4 
= 
< 

—30 

0.1 1 10 
Frequency (KHz) 


FIGURE 3.5 The amplitude of the displacement of the basilar 
membrane in a monkey obtained in a similar way as the results 
shown in Fig. 3.4. The top curve shows the results when the monkey 
was alive (anesthetized), and the two other curves show results 
obtained 1 h after the death of the monkev and 7 h after the death 
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FIGURE 6.3 Typical frequency threshold curves of single audi- 
tory nerve fibers in a cat. The different curves show the thresholds 
of individual nerve fibers. The left-hand scale gives the thresholds in 
arbitrary decibel values and the horizontal scale is in kHz (reprinted 
from Kiang et al., 1965, with permission from MIT Press). 
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Number af spikes 


Period histograms of discharges in a single auditory nerve fiber of a squirrel monkey to stimulation with two tones 
of different frequencies that were locked together with a frequency ratio of 3:4 and an amplitude ratio of 10 dB. 


The different histograms represent the responses to this sound when the intensity was varied over a 50-dB range. 
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The degree of frequency selectivity has been expressed in two 
Ways: 


o the first Way: is by the slopes of the tuning curve above and below the 
characteristic frequency. 


shallower 


—> steeper, 1000 dB/octave 


80 to 250 dB/octave MF 100 to 600 dB/octave 


10 


Response to tones as a function of stimulus intensity: 


16 kHz = CF 


8 

r 

£ 

[ex 

2 

2 

S 

Oo 

C 

= 

— j 
0 2 4% 60 O 20 40 60 80 100 120 
Stimulus intensity (dB SPL) Sound pressure level (dB SPL) 


The intensity behaviour of the auditory nerve mirrors that of the basilar membrane, 
which shows a generally similar dependence on frequency in relation to the 
characteristic frequency, although it does not saturate quite so sharply, fig 3.13 
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Auditory Nerve (Function) 


Frequency discrimination: 


+ Sharp frequency tuning due to OHCSs function. 


* Different fibers for different frequencies. 


+ Phase locking. 


Intensity discrimination: 
* Firing rate. 


- Number of activated neurons. 


* Magnitude of basilar membrane displacement. 


* Spread of excitation. 


Temporal discrimination: 


+ Phase locking. 


Short-term adaptation: 

+ Enhance spectral contrasts between 
successive segments of the 

signal by: 

+ Decreasing the responsiveness to 
successive stimuli 

- Continuing responsiveness to novel stimuli. 
Suppression: 

* The reduction in response of the auditory 


nerve fibers to a signal in the presence of 


another signal. 


GS rouull ebeutl rl 


Lei LS > (I dés hiaës Loi 9 he ligeS — ploull sie (3 (CN) Agostæll slot 
leu Aélau sl Las oué Cacull usall SU Jura 

ei > Binaural interaction CSS cu ul Ab A :(SOC) sotall Soul iS ÿh 
Corte ggall Le dx au LS (aoull Jul li Ge %80 cles älxll sie G 
&,89 (Inter aural time difference ) ITD &gsall Joss (05 838 Le fslaïel Localization 
ILD cu38l cu cggall 84 ä 

rs bem H Logis cs les las Gien LE Ge CRÉES se posje cui als :1C lé ul LS Y| 
là Ge Tuning curve jar lis (sui Slgil ja ligue .CN äolll bill 
. euil cusall Li Q lag pi il lol Alan Les 


NT L sir 9 wuxll Ghll 51 29 SLA G dospoll des (2 :MGB (uit (ail puuxll 
super /P || fus "Psp mu gaäll à dl aoudl LAall (I 8, Ale Anaudll clestall jtes Le çalaull pouñll 4 Laull 
ses (2 me «Gp dés ble ze SL! dulé (6afl puñll Lo «Ed 
x es Slt Age 7 sole is lue gaiYl Si puxll ligue (sus - 
K lon Au Yl lé 2985 Ils call cuaxll 


Medial ae" 


f 


Lateral 11 vs | 
Lemniscus Li __— Lateral Lemnisca 
| re Nuclei 


Brachium of 


inferior colliculus 


Lateral lemniscus 


Cochlear nucleus 


Cochlea 


Corpus callosum 


Dorsal 
acoustic stria 


Superior 
colliculus 


Commissure of 
inferior colliculus 


Commissure 
of Probst 


Trapezoid body 


Medial 
geniculate 
body 


inferior 
colliculus 


Nuclei of 


lateral lemniscus 


Superior 
olivary complex 


Frequency Tuning in Nuclei of the 
Ascending Auditory Pathways 


. ds Élus ÉNETS Ee L SNL co à Li pue 5j O 

: . Sblrut 8,4 don La so0l Alan Gi ous MiRao Axeslo Ailes Aslal da 

fimary fimary F i 

| dt bte “3 Aynouatl @Matl auos à Augoall LH 
MGB Thalamus MGB | k, 


S'il Mis alés LS 8lgill (3 LES, Aassontt LIT lue (6 al ssl 
ei Slim (6 Lo HSSlo mal Juill Loi caoull Lait LS pauis lis 
Lol SI pull lé ul Aus 8 Lasio Golall Giguiil LE 


8sle Bu AS Aa ul 4aSYl Ces lire DS O 


Midbrain 


SUIS Cu gjouls LAN Sless olés Ge paul lui (4 CIMSYI ia eœi O 
Bssai| Aus æille LL rl |, PAS PFATE SU 


Pons 
Medulla 


| ya V & À a «y Off response 


05 10 2.0 50 10 20 | Partial = 


l À f inhibition 
Auditory nerve inferior colliculus 8 | 


tuning curves tuning curves PO « Foatonose | 
tone response 


Cochlear Nucleus 4xajlail 61 gill db s 


réuni Ji Aid gli 
Qoa ji ll; y5 sil ie 55 À ji ill AM VIS cdimaull 8 JLEYT (03 Axe (palin 3 jai 
‘Divergence £ js - 
«JS Ÿ1 CillŸ (je de game (A (once Ca çye 8 JLEYI Jlu j le du lle à 5 
Convergence ai ° 


Ajnaxll CHIVI (je Baie Âe gage (je 8 JL al 3 Que cal A5 Cle a lle 5à 5 
Axe Al 95 Loris canlil |A OS êde 3 SYl 


* £ nd à É2 ” " à à CA L 
AVCEN 4galaŸt dailasit dui 9 lat 51 oil) AE 9 

au 48h, Gà dla 3 LU QU, "Binaural Pathway" G559b paul Jun dise 81 ill ea ie oO 
Spatial localization ti 

OAŸs puŸl Cuimaull Cpuaall DS (ja Convergence ixasis Li sl ill oùa Li o 


45 jlall 81 sil Ci QU Vus qaaull Quaxll cilli; 8 dl LAN y One-to-one AL Le dla o 
Tonotopic Organization älall Lil je ll Best 1,91 3 Dal JR dllà, (a 5 dialaY Aiball 


ll Slsdll JS 45 al Relay station bus ducs lise AdloŸt All As AN 81 pie LS o 
Ada ei (y 583 Llell 5S1 all 


gran Quoxlll 3 Li (Jé SL 4 Batall aetill cibriste Dés (à 81 sil oûà salu © 


A Audit 


ry nerve 


M : » 

S.à FE 
ao RU 
; ER 


PAR LA 


LAN INT) 
Sy ae 


nur à 
Cp Put ‘. LU 
te 
4 


Cas 


n “ + 


a ls PE, 
A Vel Sen v 


. 
LA 
bye. 


0 10 20 30 


B Bushy cell 


| 
EL 


TIME (ms) 


Phase-locking in the cochlear nucleus 


The secure and large end bulb endings enable 
excitatory neurotransmitter to be released quickly 
and synchronously to the postsynaptic receptors so 
that the precise temporal information carried in the 
auditory nerve fibers is faithfully preserved in the 


bushy cells. 


The Bushy Cells receptors are abnormally rapid with 
low threshold potassium conductances and low 
input impedances so that their membrane time 
constant is very short, making them especially fast 


acting. 
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° The primary pathway: 


°__ Originates in the central nucleus of the IC. 
° __ Characterized by sharp tuning and tonotopic organization. 


* The diffuse pathway: 
°__ Originates in the pericentral nucleus 


+ __ Broader frequency tuning and little or no tonotopicity. 
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Thalamus (Function) 


+ Relay of sensorimotor information to cortex and some 
speech/language and auditory functions. 
° The primary station for info between the brainstem and the cortex. 


+ Relative intensity comparison. 

* Relative duration comparison. 

+ Contrast and amplitude modulation enhancement. 

+ Extraction of features. 

* Encoding of binaural and complex signal processing. 


* Binaural responders cells > Binaural processing > 
ipsilateral cortex. 
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FIGURE 6.23 Period histogram of the response from a cell in the 
cochlear nucleus of a rat to tones the intensity of which was changed 
up and down in a stepwise fashion. The dots show calculated 
response obtained from the response to a tone that was amplitude 
modulated by pseudorandom noise (reprinted from Maller, 1979, 
with permission from John Wiley). 
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°_ITDs are used to determine the lateral locations of low-frequency tones, whereas ILDs provide the primary 


cue at higher frequencies. 
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The Binaural System: 
the Basis for Sound Localization in the Horizontal Plane 


Duplex Theory 


significant ILDs can occur for low-frequency sounds located in the near 
field. 
Second, extensive psychophysical evidence indicates that sensitivity to 


ITDs is conveyed by the envelopes of high-frequency complex sounds 
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O Jeffress's model consists of an array of neurons that receive input from both ears. These neurons only fire when the inputs from 
the two ears arrive at the same time. If the axons that lead to these neurons had the same length the neurons would fire only for 
sound arriving at the ears at the same time, thus sounds that came from a source that was located directly in front of the 
observer or directly behind. The delay in the axons that lead input to these coincidence neurons is different for different 
neurons. The difference in the neural delays to the two inputs makes a neuron fire when sounds arrive at the two ears with that 
delay. If, e.g. the input to such a coincidence neuron from the left ear is delayed 50 LS relative to the right ear, the two inputs 
will coincide when sounds arrive 50 HS earlier at the left ear than at the right ear. This occurs when a sound source is located 


approximately 9° to the left of the midline (90° corresponds to 650 pi. 


The Jeffress model: mapping ITDs in the brain? 
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The output representation of the Jeffress network 
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The output of the network is a spatial map of running coincidence rates, arranged by 


frequency channel (cochleotopic projection) and interaural delay. 


Neurophysiologic Basis for Sound Localization 


on dt os dll] Au os ouf ou des ET tte de Eh SLA clous, debus oise pisai oh © 
gx pal us Leo plots (alex pall Bu Gileosess Loose (él lus ST Lei ga 53 

excitatory- inhibitory neurons (El) ALL 4zll Ge uso 4e Cie Luis AU (Al ligggaall (je bigite 5929 or dll 7isaill © 
4,11 8lgls LSO Ai sfl Aou ll 8lguil 4 Sbiogaall ia plis moto MSN où Bnëll Gé él] Loge cliggsall ia (I Sos 
IC Ali ll LS Yo DNLL (gs Juräll 

Bill, All ol ou GaaSll (525 38 de lolarel OST cu BAAIl CMS jross puuds à d>Sgei (je Bslatul usès> Use © 
OSSI où Al és pojll Gé Gone MO 7 Sgoill Gus Gudes Ses lil Jäi DgeS Ce ls Ca Bu St SON Gi dus 
sa cuir duos cou 

de mlll oa Mers dés Qlll éslei ol Bite G5b poull Ale (4 mgsall 4e dues (8 celui (Al mglèll ax dllia O 
CHtull Ge 458 Slooleolt AUS, (HN Bugs Arllall Arktl) DEN 4 il Agios Sloill Ge 85sloil esleglall Axfleo 
Jhs Ciggall de due au Jo crggall lits fil dbyær die Jaëxs allo PROPIOCEPTIVE RECEPTROS Liall ail 


LE 
(ÈS 
rés 


Localization in the Vertical Plane 
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O Despite that, psychophysical experiments show that we can discriminate 4—-6° in the vertical 

plane (elevation). The ability to localize the direction to a sound source in the vertical plane is 

assumed that it is based on changes in the spectrum of a sound as a function of the elevation of 


the sound source. 
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Adapting to Changes in 
Spectral Cues 


Hofman et al. made human volunteers 
localize sounds in the dark, then 
introduced plastic molds to change the 
shape of the concha. This disrupted 
spectral cues and led to poor localization, 
particularly in elevation. 


Over a prolonged period of wearing the 
molds, (up to 3 weeks) localization 
accuracy improved. 
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Speech Perception 


Speech perception involves the 
mapping of speech acoustic 
signals onto linguistic messages 
(e.g, phonemes,  distinctive 
features, syllables, words, 


phrases...) 
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Perceptual units of speech 


+ Phonemes: 


° The smallest unit of the sound system in a language 
* consonants and vowels 
° If you change a phoneme in a word, the meaning of the word is also 
changed. (e.g., hip © tip; cat # hat; dog © dig) 
° In English there are 47 phonemes: 
° 13 major vowel sounds 


° 24 major consonant sounds 


* Different languages have different phonemes 


Segments vs. Supra-segments 


Segments Supra-segments 
(phonemes) (prosody) 


Vowel, consonant |F0, duration, energy 


Naturalness 
Intelligibility (stress, rhythm, intonation, 
emotion) 


Speech Acoustics 


* periodicity 

° Formant structure 

° Frequency transition 
* Acoustic Onsets 

° Envelope 
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Harmonic Structure 


Complex Waveform = Sum of Simple Waveforms 


Harmonic = 50 Hz 
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Frequency Spectrum shows one “moment” in time 
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Asymmetries of Auditory Areas-of Cerebrum 


* Functional asymmetry and left-sided dominance for 
speech sound encoding is present even at the level of 
the thalamus, indicating that laterality of some auditory 
functions may be a fundamental principle of elemental 
sensory representation of speech. 


Higher cortical function 


Brain Connectivity 


Brain connectivity refers to a pattern of anatomical links ("anatomical connectivity"), of 
statistical dependencies ("functional connectivity") or of causal interactions ("effective 
connectivity") between distinct units within a nervous system. 


structural connectivity functional connmectivity efrective connectivity 


+ Anatomical 
connectivity 

* Functional connectivity 
= Connectome 

+ Effective connectivity 


The default mode network, DMN 


The DMN typically comprises of nodesin 
the posterior cingulate/precuneus, 
bilateral superior frontal gyrus, medial 
frontal gyrus and angular gyrus. 


° The DMN was therefore termed a 
“baseline” state of the brain. 


Decreased activity during cognitive tasks 


* _Inversely related to regions activated by 
cognitive tasks 


DMN 


DMN Importance. 


° The DMN has been linked to many processes: 
v Episodic memory (Greicius and Menon 2004) 
Ÿ Memory consolidation (Miall and Robertson 2006) 
Social (lacoboni, et al. 2004; Uddin, et al. 2005) 
vSelf-related processes (Buckner and Carroll 2007) 
ŸStimulus-independent (Mason, et al. 2007) 
ŸTask-unrelated thought (McKiernan, et al. 2006) 


Differences in activity of the default mode network have been linked to 
cognitive deficits in a number of clinical populations. 


To date, abnormalities in the DMN have been demonstrated in 
individuals with: 
Ÿ”_ Autism spectrum disorders (Kennedy, et al. 2006) 
YŸ” Alzheimer'’s disease (Buckner, et al. 2005; Wang, et al. 2006) 
Ÿ” Schizophrenia (Liang, et al. 2006; Liu, et al. 2006) 
Ÿ  Attention-deficit/hyperactivity disorder (Zang, et al. 2007) 


Attention Networks... 


Y The dorsal attention network: where 


Y The ventral attention network: what 


Ÿ” The executive control of attention network: Top-Down control 


Information Processing Theory 


Bottom-up Theory (data-driven) Top-down Theory (Higher-order) 
+ Processes of acoustic signal * Attention, memory, cognition, 
encoding language, etc. 


* Critical for speech perception and 
understanding. 

* Occur in the auditory system prior to: 
- Higher-order cognitive. 
- Linguistic operations at the cortical level. 


+ Linguistic competence through the 
presence of complex feedback and 
feed forward mechanisms. 


+ These factors are influenced by 
higher order (top-down) factors. 
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Brain networks for language 
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Peripheral axons of the superior division innervate: 


Central axons of the superior & inferior vestibular nerve fibers join fibers from 
the cochlea to form cranial nerve VIII. 


Vi n. 


1. Utricular macula 2. Saccular macula (anterior portion) 
3. Crista of lateral (horizontal) SCC 4. Crista of superior (anterior) SCC 
2. Crista of posterior (inferior) SCC 6. Saccular macula (posterior portion) 
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Ampullofugal: Refers to displacement “away” from the ampulla. 
Ampullopetal: Refers to displacement “toward” the ampulla. 


Ewald's second law: "Ampullopetal endolymphatic flow produces a stronger response 


than ampullofugal flow in the horizontal canal". 
Ewald's third law: "Ampullofugal flow produces a stronger response than ampullpetal 
flow in the vertical canals (anterior and posterior semicircular canals). 
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figure 11.36 
Asummary of the central vestibular connections from one side. 
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